Wavefront Control by GPC. by Glückstad, Jesper et al.
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Dec 21, 2017
Wavefront Control by GPC.
Glückstad, Jesper; Bañas, Andrew Rafael; Villangca, Mark Jayson; Palima, Darwin
Publication date:
2015
Document Version
Publisher's PDF, also known as Version of record
Link back to DTU Orbit
Citation (APA):
Glückstad, J., Bañas, A. R., Villangca, M. J., & Palima, D. (2015). Wavefront Control by GPC.. Paper presented
at Adaptive Optics and Wavefront Control in Microscopy and Ophthalmology, Paris, France.
Adaptive Optics and Wavefront Control in Microscopy and Ophthalmology, 5-7 October 2015 
Wavefront Control by GPC 
Jesper Glückstad1, Andrew Banas2, Mark Villangca1, Darwin Palima1 
1 DTU Fotonik, Dept. Of Photonics Engineering, DK-2800 Kgs. Lyngby, Denmark 
2 OptoRobotix ApS, SCION DTU, Diplomvej 381, DK-2800 Kgs. Lyngby, Denmark 
jesper.gluckstad@fotonik.dtu.dk   www.ppo.dk  www.OptoRobotix.com  www.GPCphotonics.com 
 
Keywords: Generalized Phase Contrast, Binary Phase Modulation, Wavefront Control 
 
1. GENERALIZED PHASE CONTRAST (GPC) 
Sculpting the wavefronts of light in both fixed and programmable shapes has a variety of applications in both 
research, industry and medicine. With the widespread use of lasers that lend themselves to efficient 
reshaping due to their high spatial coherence, the versatility of wavefront control is further increased. 
Therefore, laser beam shaping based on photon-efficient phase-only methods are extensively applied in 
research such as in advanced adaptive and active microscopy and contemporary optical micro-
manipulation [1,2] to mention a few typical uses. Phase-only light shaping and wavefront control is also 
finding its use in new and exciting applications such as for emerging neurophotonics applications and in 
fully parallel two-photon optogenetics [3] which applies the most advanced optical tools for exploring neuro-
scientific challenges. Beyond the research laboratories, efficient light shaping is also desirable for 
applications such as laser machining, lithography and future laser-based digital cinemas to name a few. 
These diverse applications all require light to be shaped in a plurality of ways [4]. For example, the 
illuminated optical window of spatial light modulators, used for both optics research and consumer display 
projectors, have a rectangular form factor. A variety of shapes bounded by steep edges and particular point 
spread functions are desirable in laser cutting and engraving. In two-photon optogenetics [5], it is a key aim 
to selectively illuminate intricate patterns of dendrites or axons within neurons, preferably with minimal loss 
of light and maintaining speckle-free light excitations even within turbid media. 
 
Figure 1: GPC efficiently transforms an incident Gaussian beam into a bright shaped output using 
only simple binary spatial phase modulation. For comparison an amplitude masking configuration is 
shown besides a GPC Light Shaper to illustrate the significant difference in energy utilization when 
aiming for the same shaped output. (Figure adapted from  [6]) 
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Laser sources typically exhibit a Gaussian intensity profile. Shaping such a beam with the commonly applied 
hard truncation is inherently highly inefficient. It is well known that more than two thirds of an incident 
power will be lost when homogenously illuminating a rectangular aperture with an expanded Gaussian 
beam [6-8]. To complicate things, this lost light power will inherently contribute to device heating that can 
either shorten device lifespan or require additional power for active cooling. Besides the obvious 
disadvantages of light inefficiency, the high price tag of advanced laser sources, such as femtosecond lasers 
or supercontinuum sources, used for multi-photon excitation, multi-spectral biophotonics and other state-of-
the-art experiments, demands efficient use of the available photons 
GPC (for Generalized Phase Contrast) belongs to the class of non-absorbing common-path architectures [9]. 
A phase-only aperture directly representing the desired output intensity is mapped through the interference of 
its high and phase-shifted low spatial frequencies. This is achieved by phase shifting the lower spatial 
frequencies through a binary phase contrast filter (PCF) at the optical Fourier plane (cp. Fig. 1). GPC can 
thus be implemented with binary phase plates that are inherently simple to mass-produce with standard 
foundry processes common for silicon devices or microelectronics. The use of a one-to-one mapping 
geometry in GPC avoids dispersion effects which makes it advantageous for use with multiple 
wavelengths [10,11], spectrally broad light sources or for temporal focusing which can effectively confine 
light along the axial direction. Recently GPC also demonstrated its inherent adaptivity for boosting computer 
holographic reconstructions encoded on reconfigurable spatial light modulators  [12].	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